Abstract: Urban sprawl presents a serious challenge for sustainable urban land use. Urban planning attempts to guarantee sustainable urban development and proper use of land resources. However, a large gap usually exists between planning and actual development. This paper aims to analyze the evolutionary characteristics of urban form and the spatiotemporal dynamics of urban planning from 1964 to 2013, using the case of Hangzhou, China. We proposed a framework that included remote sensing, landscape metrics, and control effectiveness indexes. The results indicated that urban planning failed to perform effectively in Hangzhou, reflected by the uncontrolled urban sprawl during all the planning periods. The low effectiveness of planning was resulted from multiple factors, including historical economic events that made expansion unexpected, functional orientation of planning which drove fragmented suburbanization, the ineffective methods for forecasting population and land use, and the influences by the market forces. The findings deepen the understanding of the impacts of urban planning, and provide references for making rational urban management decisions and sustainable urban land management.
Introduction
Urban sprawl presents a serious challenge for regional sustainable urban land use. It is associated with a number of negative impacts on the urban land use [1] [2] [3] . Urban sprawl leads to low land use efficiency, and it copes with the loss of farmland resources. Meanwhile, Urban sprawl results in more public infrastructure such as hospitals and transport infrastructure because of low-density settlements. Despite of the debate on its exact definition, urban sprawl is often considered to be an uncontrolled, scattered suburban development that increases habitat fragmentation and impacts ecological protection [4] . Spatial planning is regarded as a useful tool for achieving urban sustainable development, especially by restricting urban sprawl. However, existing research [4] indicates that urban planning, the most important tool for guiding land development of an urban area, does not characterized by intensifying sprawl [34] , which indicates the lack of effective plan implementation. There is a large gap between spatial planning and actual development of China's cities [35] . While plenty of studies have focused on the spatial features of urban land expansion [36] [37] [38] [39] [40] , there is no clear understanding of the contributors to the failure of planning controls in Chinese cities [41] [42] [43] .
Urban land use and urban planning were intertwined by their nature in this research. It aimed to establish a spatial index including planning control indexes and landscape metrics for evaluating the physical outcome of planning implementation, and to discuss the underlying factors that contribute to differences between planning and reality. We used Hangzhou as a case study to demonstrate this system. We first proposed a comprehensive analysis framework from planning ideas, planning control effects, and economic and social background. We then described the spatiotemporal characteristics of Hangzhou's urban spatial patterns using remote sensing images and landscape metrics. We further evaluated the control effectiveness of four rounds of planning from 1964 to 2013 with control effectiveness indexes (PCEIs) and analyzed the driving forces for each round of planning, based on the comparison for plan-making logic. This study can contribute to a better understanding of urban planning making and implementation from the perspectives of historical feature, planning methods, spatial planning system and support mechanisms. It will help planners and governments formulate more rational plans and corresponding policy towards sustainable urban land management.
Materials and Methods
The study involved five major steps as presented in the detailed framework of Figure 1 : (1) collect remote sensing data, urban planning data, and relevant historical materials for the study area during each period; (2) identify the spatial distribution of Hangzhou's urban land in each period using remote sensing images and relevant ground data, and then calculate the spatial indexes reflecting urban growth characteristics in each period; (3) China has been characterized by intensifying sprawl [34] , which indicates the lack of effective plan implementation. There is a large gap between spatial planning and actual development of China's cities [35] . While plenty of studies have focused on the spatial features of urban land expansion [36] [37] [38] [39] [40] , there is no clear understanding of the contributors to the failure of planning controls in Chinese cities [41] [42] [43] . Urban land use and urban planning were intertwined by their nature in this research. It aimed to establish a spatial index including planning control indexes and landscape metrics for evaluating the physical outcome of planning implementation, and to discuss the underlying factors that contribute to differences between planning and reality. We used Hangzhou as a case study to demonstrate this system. We first proposed a comprehensive analysis framework from planning ideas, planning control effects, and economic and social background. We then described the spatiotemporal characteristics of Hangzhou's urban spatial patterns using remote sensing images and landscape metrics. We further evaluated the control effectiveness of four rounds of planning from 1964 to 2013 with control effectiveness indexes (PCEIs) and analyzed the driving forces for each round of planning, based on the comparison for plan-making logic. This study can contribute to a better understanding of urban planning making and implementation from the perspectives of historical feature, planning methods, spatial planning system and support mechanisms. It will help planners and governments formulate more rational plans and corresponding policy towards sustainable urban land management.
The study involved five major steps as presented in the detailed framework of Figure 1 : (1) collect remote sensing data, urban planning data, and relevant historical materials for the study area during each period; (2) identify the spatial distribution of Hangzhou's urban land in each period using remote sensing images and relevant ground data, and then calculate the spatial indexes reflecting urban growth characteristics in each period; (3) calculate the PCEIs in each period; (4) compare the key content of plan-making logic in each period; and (5) analyze and explain the dynamics and mechanisms of Hangzhou's master planning process and the effectiveness of regulatory controls. 
Study Area
Hangzhou, the capital of Zhejiang Province, is located at the southern end of the Grand Canal of China and on the plain of the mid-lower reaches of the Yangtze River (Figure 2 ). 
Hangzhou, the capital of Zhejiang Province, is located at the southern end of the Grand Canal of China and on the plain of the mid-lower reaches of the Yangtze River (Figure 2 ). Hangzhou is an ideal example for China's urban planning process given its representativeness and typicality [44] . Hangzhou has a long history and unique geographical features. However, Hangzhou's reforms in the context of globalization and marketization were much more in-depth and complete than those in other Chinese cities [45] . Spatially, similar to many other coastal cities, its urban areas reflect a tendency of rapid expansion and population growth. More importantly, Hangzhou completed five planning processes in 1953, 1964, 1983, 1994, and 2004 , which provided an opportunity to examine the effectiveness of the urban planning under different development periods. We divided our study into four periods: (1) 1964-1985; (2) 1983-1995; (3) 1994-2005; and (4) 2004-2013, corresponding to the timelines of planning in Hangzhou.
Interpretation of Urban Land Using Remote Sensing Images
In order to investigate the control effectiveness of urban master planning, remote sensing images were used for extracting the urban land in various periods (Table 1) . Five Landsat MSS/TM/ETM+ remotely sensed images from 1985, 1995, 2000, 2005 , and 2013 were acquired from the Global Land Cover Facility (GLCF), the Data Sharing Infrastructure of Earth System Science (DSIESS), and the University of Maryland. In addition, topographic and large-scale administrative maps of Hangzhou were obtained from the China National Geometry Center, and supplementary data was taken from annual land surveys from the Hangzhou Bureau of Land and Resources. Hangzhou is an ideal example for China's urban planning process given its representativeness and typicality [44] . Hangzhou has a long history and unique geographical features. However, Hangzhou's reforms in the context of globalization and marketization were much more in-depth and complete than those in other Chinese cities [45] . Spatially, similar to many other coastal cities, its urban areas reflect a tendency of rapid expansion and population growth. More importantly, Hangzhou completed five planning processes in 1953, 1964, 1983, 1994, and 2004 , which provided an opportunity to examine the effectiveness of the urban planning under different development periods. We divided our study into four periods: (1) 
In order to investigate the control effectiveness of urban master planning, remote sensing images were used for extracting the urban land in various periods (Table 1) . Five Landsat MSS/TM/ETM+ remotely sensed images from 1985, 1995, 2000, 2005 , and 2013 were acquired from the Global Land Cover Facility (GLCF), the Data Sharing Infrastructure of Earth System Science (DSIESS), and the University of Maryland. In addition, topographic and large-scale administrative maps of Hangzhou were obtained from the China National Geometry Center, and supplementary data was taken from annual land surveys from the Hangzhou Bureau of Land and Resources. We interpreted the remote sensing images using the maximum-likelihood classifier. Land use/land cover was divided into five categories: construction land, farmland, forest, bare land, and water. Construction land was defined to include both urban and rural land. To evaluate the classification accuracy, 100 randomly selected points were identified from topographic maps, high-resolution spatial images, and ground survey data (GPS data). The overall accuracy of the five images was 86.24%, 82.11%, 83.42%, 80.52%, and 81.57%, respectively. Kappa index was 0.821, 0.768, 0.785, 0.747, and 0.761. Post-classification processes removed rural residential land, and urban land was extracted via the village texture spatial analysis.
Landscape Metrics of Urban Growth
Landscape metrics provided a comprehensive view of the overall landscape structure, including area, density, boundary, shape, core area, isolation/closeness, difference, spread, connection, and diversity [46] . Landscape metrics are applied to analyze the spatial pattern of urban land in different planning periods; these metrics include the type of occupied farming land by urban land and decentralization level of expansion for urban land. Based on the analysis of landscape metrics, the combination of the analysis results between PCEIs and the under thinking of planning making can be conducive to explain in details the factors affecting differences between reality and planning. Nine landscape metrics (Table 2) were utilized based on previous studies [47] [48] [49] . All of the metrics were calculated using the FRAGSTATS spatial analysis program (Version 4.2) [46] ; these metrics were calculated for 1985, 1995, 2000, 2005 , and 2013. 
Notes: A = total landscape area (m 2 ); n = number of patches in the landscape of patch type i; j = 1, ..., n patches; a ij = area (m 2 ) of patch ij; P ij = perimeter (m) of patch ij; e ik = total length (m) of edge in landscape between patch types i and k; P i = proportion of the landscape occupied by patch type i; m = number of patch types present in the landscape, including the landscape border if present; g ik = number of adjacencies between pixels of patch types i and k based on the double-count method; g ii = number of like adjacencies between pixels of class type i based on the single-count method.
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Planning Control Effectiveness Index
In order to analyze the effectiveness of planning controls in different periods, a comprehensive set of planning control effectiveness indexes (PCEIs) was developed. The PCEIs reflected the three aspects of physical outcomes of planning implementation: spatial scale, spatial structure, and spatial pattern ( Table 3 ). The spatial scale indexes depicted the accuracy of urban land use prediction, including spill proportion and spill speed; the spatial structure indexes reflected to what extent the polycentric strategy has been implemented and the impact of transport facilities; and the spatial pattern indexes reflected to what extent the planning guiding urban expansion direction and impact development, as well as the degree of planning boundary breakthroughs. The PCEIs are put forward in this study except OI and BCI, which made references to the calculation of BCR and BADR in Han et al. (2009) [11] . The indexes were calculated in ArcGIS 10. 
OI is used to measure the control effectiveness of the spatial scale, and greater is the value of OI, more effective is the urban planning control measure [11] .
a i is the ith urban land patch area inside the planned districts, b j is the jth urban land patch area outside the planned districts.
AAOA is used to measure the control effectiveness of the spatial scale like OI, and greater is the value of OI, worse is the urban planning control effect. b i is the ith urban land patch area outside the planned districts, m year is the planning period. (i = 1, 2, 3, . . . , n)
The control effect of spatial structure Multi-center consistency index (MCI)
MCI is used to the control effectiveness of the spatial structure. Higher MCI indicates that the planning control of the urban spatial structure is more effective.
a ij is the jth urban land patch area inside the planned districts in the ith group, b i is the total urban land area of the ith group, m is the number of groups.
CDI is used to the control effectiveness of the spatial structure.
Higher is the value of CDI, more effective is the planning control effectiveness of the urban spatial structure.
(x i , y i ) is the geographic center of the ith urban land patch, (x j , y j ) is the geographic center of the planning urban land patch, (x o , y o ) is the geographic center of the total urban land, m is the number of geographic centers of urban land patches, n is the number of geographic centers of the planning urban land patches.
TDI is used to the control effectiveness of the spatial structure and clarify the influences of the planning transport facilities on urban sprawl. Smaller is the value of TDI, more effective is the planning control effectiveness of the urban spatial structure.
(x i , y i ) is the geographic center of the ith urban land patch, (x j , y j ) is the coordinate of the major road, a z is the parameter of the major road, n is the number of geographic centers of urban land patches.
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Assessment Dimensions Index Formation and Note Description
The control effect of spatial pattern Development direction indexes (DDI)
DDI is used to the control effectiveness of the spatial pattern. It reflects the accuracy of the planning's prediction on urbanization. (x 1 , y 1 ) is the geographic center of the total urban land, (x 2 , y 2 ) is the geographic center of the planning urban land.
BDI is used to the control effectiveness of the spatial pattern. It reflects the planning control effects on the compactness of the urban development. Lower is BDI, higher is the efficiency of the planning control.
(x i , y i ) is the geographic center of the ith urban land patch outside the planned districts, (x j , y j ) is the coordinate of the planning boundary, a z is the parameter of the planning boundary, n is the number of geographic centers of urban land patches outside the planned districts.
BCI is used to the control effectiveness of the spatial pattern. Higher is BCI, higher is the efficiency of the planning control [11] .
L 1 is the length of coincidence lines of urban land patches and the planning urban land patches; L 2 is the length of the planning boundary.
The overflow index (OI) and annual average overflow area (AAOA) were used to measure the spatial scale of control effectiveness. OI and AAOA reflect the land-use planning restrictions on the scale of urban land expansion. A larger overflow area and greater overflow speed in the actual development reflected a higher degree of planning control ineffectiveness.
The spatial structure of the control effectiveness was measured using the multi-center consistency index (MCI), the traffic guiding index (TGI), and the centrifugal diffusion index (CDI). MCI reflect the guiding effect of planning on the scale and location of future urban primary and secondary centers, while TGI clarifies the influences of planning transport facilities on urban land expansion. Higher MCI, TGI and CDI indexes indicate that the planning control of the urban spatial structure is more effective.
The spatial pattern of the control effectiveness was quantified using the development direction index (DDI), the bouncing development index (BDI), and the boundary consistency index (BCI). DDI reflects the accuracy of predictions for expansion trends in overall urban patterns. BDI clarifies the effects of planning control on the compactness of urban land development. BCI reflects the effectiveness proportion in the implementation of the planning boundary. Lower DDI and BDI indexes reflect higher planning control efficiency. However, lower BCI means higher efficiency.
Comparison of Context and Objectives for Planning
Urban and Rural Planning Law of the People's Republic of China (2008) states that "The urban master planning is the comprehensive deployment and implementation of a designated function of the city, development goals, development scale, land use, spatial layout and all constructions." This study collected four master planning documents for Hangzhou from 1964 to 2004, and selected political and institutional backgrounds, the orientation of urban functions, urban population, urban land scale, and urban spatial structure as the primary indicators of the context and objectives of planning in each period. Combined with these indicators, plan-making logic, the effectiveness of planning controls, and urban spatial growth characteristics were analyzed to identify major reasons for the failure of planning in different periods (Figure 3 ).
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Results

Spatiotemporal Characteristics of Urban Land Expansion
The study calculated the landscape metrics of Hangzhou's urban land during the identified periods. The results are shown in Figures 4 and 5 . During the period 1985-2013, the expansion of urban areas was the most obvious characteristic of land-use changes. In that context, the diversity of land uses has increased every year. The pattern of urban land-use distribution was initially dispersed and then clustered. Meanwhile, farmland became more dispersed and fragmented. 
Results
Spatiotemporal Characteristics of Urban Land Expansion
The study calculated the landscape metrics of Hangzhou's urban land during the identified periods. The results are shown in Figures 4 and 5 . During the period 1985-2013, the expansion of urban areas was the most obvious characteristic of land-use changes. In that context, the diversity of land uses has increased every year. The pattern of urban land-use distribution was initially dispersed and then clustered. Meanwhile, farmland became more dispersed and fragmented.
The urban land expansion encroached the farmland and other open space, and farmland is the major source of urban land transition in Hangzhou (Table 4 ). The urban growth could really cause a ripple in the ecology [33] . Most of the study area was farmland during 1985 to 2000, and the percentage of farmland in the study area became lower and the cohesion of farmland became lower. However, the CI increased slowly from 2000 to 2013; during that time, most of the study area was converted to urban land that was reflected by the increasing cohesion of urban land. The urban land expansion encroached the farmland and other open space, and farmland is the major source of urban land transition in Hangzhou (Table 4 ). The urban growth could really cause a ripple in the ecology [33] . From 1985 to 1995, the PCI and IJI of urban land experienced a slight decline, and then increased from 1995 to 2013. This reflected a greater cohesion and connectivity of urban land. The change of PCI for farmland indicated that, although farmland became more interspersed with lower The AWMSI and AWMPFDI for urban land fluctuated greatly. They declined from 1985 to 1995, increased from 1995 to 2005, and declined again from 2005 to 2013. These varying trends indicated that the irregularly distributed patches of urban land experienced the most rapid increase in development. These patches became more complex from 1995 to 2005. However, as the average area of urban land patches shrank from 2005 to 2013, the complexity in the distribution of farmland patches began to increase.
From 1985 to 2013, the SHDI rose, indicating that more types of land use emerged in Hangzhou on more interspersed patches.
Control Effectiveness in the Different Periods of Urban Planning
As suggested by various control effectiveness indicators, the master plans were effective in controlling the expansion of urban land in Hangzhou during the studied planning periods (Table 5 , Figures 6 and 7) . The OI rose significantly in the first two periods, with the peak value reaching 88.86% and then dropping slowly in the next two periods. Therefore, planning period I was far from satisfactory with the actual development increasingly out of control and most urban development occurring beyond the designated planning boundary. The AAOA gradually became steadily larger in the first three periods and shrank slightly in period IV, indicating the accelerating development of urban land outside the designated planning boundary.
Much of the land development was close to the transportation routes, although it was inconsistent with the overall structural change in the city. The spatial structure indexes (MCI and TGI) showed similar trends. The MCI was satisfactory in period III, reaching 69.12%. However, it fluctuated between 46% and 52% in other periods, reflecting the overall poor effectiveness of the polycentric development strategy. The TGI also reached its peak at 3844.83 m in the same period, which was more evident in the first two periods. The actual development was slightly centripetal compared with planning in the first two periods. Subsequently, more development took place in suburban areas in the form of sprawl. The CDI showed a gradual decline, from approximately 1.5 in period I and period II to about 1.0 in period IV. It also demonstrated that the outward expansion strategies for the economy and population were not successful.
An overall comparison between the planning and the practical results showed that more development occurred in the southeastern area under the influence of urban planning, which was concerned with its topographic features and the change in its spatial structure ( Figure 6 ). The tendency for cross-river development progressed faster than we had expected. During the first two periods, the BDI was relatively high, but dropped significantly in the last two periods. The BCI was gradually declining, which showed not only the declining influence of the planning boundary but also the increasing length by which construction land overstepped the boundary. Considering the actual demand for urban development, the setting of the planning boundary was becoming impractical.
Comparison of Plan-Making Logic in Different Periods
Political and institutional backgrounds refer to the relevant institutional environment during the urban planning and historical events that exerted a significant influence on urban planning and construction. Designated functions indicate the primary function of the city in the political, economic, and social development of a certain region, country, or larger area. The macro-scale of the urban spatial structure is the system of urban spaces (including metro and satellite towns).
Urban planning in Hangzhou evolved with its political and economic context which can be divided into two distinct stages ( Table 6 ). The first stage includes the first two planning periods, during which planning was implemented in the context of the planned economy system. The planned economy represented an economic mechanism based on a publicly owned economy that directly regulated the allocation of resources according to mandatory plans and administrative orders. The second stage includes the last two planning periods, during which planning was implemented under China's transformation from a planned economy to a free market economy. The market economy represents an economic means to regulating the allocation of social resources through the market and achieves the goal of decentralizing decision-making through the exchange of commodities. In the planned economy, the property of the city belonged to the nation, so planning was accountable only to the municipal government. However, under the market economy, planning was inevitably under the influence of different interests groups. Furthermore, important historical events had a profound influence on urban development. During the Great Leap Forward period, urban industries experienced a rapid growth in scale. During the Cultural Revolution period, urban development occurred a masse. After the entry of the WTO, the proportion of both domestic and foreign investments in urban development increased drastically.
The actual development far exceeded the forecast, and the government had to modify master plans frequently. The typical time frame for urban master plans in China is 20 years, with the first 10 years dedicated to short-term controls and the last 10 years dedicated to long-term controls. When the short-term period of the planning process ended, there were already significant differences between the practical constraints to progress and the initial anticipated or predicted results.
The forecasting methods did not reflect actual development conditions. Under the planning process, the expected growth was approximately linear and the growth rate tended to decrease as the annual growth amount had averaged 16,500 people in the planning period 1964-1984. However, the annual growth amount decreased to 40 people in the next planning period. The construction area of land, measured by the standard of 90 square meters per capita, was closely related to population. However, actual growth did not follow the planned linear trend. Unexpected growth in population and land was among the important reasons forcing governments to rectify the planning process.
The functional orientation of Hangzhou changed in response to different historical periods. Before 1983, the planning process attached great importance to industries in the city's development strategy. After 1983, the industries received less attention in the planning process, and the focus had shifted to the service industry and tourism. For example, the 1964 master planning process emphasized industry development to build up a solid economic foundation for further development. This was due to the frailty of the Chinese economy after the founding of the People's Republic of China (PRC), whereas the 2004 master planning process focused on the development of a multi-functional city, playing its part primarily in economic, social, and cultural affairs.
The general approach to spatial structure in all plans was to achieve a polycentricity to avoid over-concentration. This approach was based on two principles. First, the geographical features and terrain of Hangzhou affected the direction of city expansion. Second, Hangzhou's historic development tended to concentrate in the city center. In fact, Hangzhou continued to concentrate primarily on development at the urban outskirts, although it has shown a trend toward suburbanization. Since the reform and opening up, the planned economy system transformed to the market economy system 
Discussion
Historical Features Causing Low-Cost and Unexpected Expansion
A historical economic event can stimulate urban expansion in unconventional ways [14] ; therefore, the control effects of urban planning for Hangzhou tend to weaken under the effect of major events, such as the establishment of New China in 1949 and the economic reform and opening-up in 1978. The DDI shows that the deviation in the first and third planning periods is relatively large. The first period occurred after the liberation of the PRC in 1949 when cities in China were experiencing substantial growth because large numbers of rural residents were moving to urban communities. In the third period China launched economic reform and opening-up the country, late with the reform of the housing system that encouraged commercialized housing development. Thereafter, the development of land and real estate markets was accelerated and the construction of commodity houses developed rapidly. Much lower-cost farmland in suburban areas was converted to urban land [36] . This phenomenon is similar to the case study of Beijing in Han et al. (2009) [11] , in which the urban expansion was based on the consumption of farmland in suburban. The rising trend indicated in the IJI means that the adjacency of land is generally decreasing and sprawl is still a relatively common means of urban land expansion. Geographical factors affecting urban expansion include the West Lake Scenic Spot in the middle west, farmland, and expressway gallery in the east, and limitation of administrative boundaries in the north (Figure 8 ). Due to these constraints, massive unexpected urban land expansion has occurred in the southern region across the Qiantang River. 
Functional Orientation Driving Fragmented Suburbanization
The functional orientation in the planning process changed many times, leading to different types of urban development in each planning period. Evacuation of industrial functions for inner city started from 1990 and insufficient solid planning led to decentralized expansion for industrial land near field beyond planning boundaries.
Prior to the 1990s, Hangzhou focused primarily on its industrial function. For more than 20 years from the 1960s to the 1980s, gross industrial output had accounted for the largest proportion of city's GDP (Figure 9 ). It reached a peak of 78% when land for industrial use accounted for 33% of all developed land. Meanwhile, the service function of the city was rather weak, accounting for only 19% of total land use. Under the planned-economy system, the government took a leading role in planning the layout of urban development [37] . During that period, industrial projects were at a small scale and scattered in cities. As a result, the LPI and MPA were relatively low. According to AWMSI and AWMPFDI, the shapes of those construction projects were regular. OI, BDI, and CDI were relatively high, indicating that the industries were expanding very rapidly at the periphery of the city. Most of that development occurred in the form of enclaves, similar to American cities [49] . 
planned-economy system, the government took a leading role in planning the layout of urban development [37] . During that period, industrial projects were at a small scale and scattered in cities. As a result, the LPI and MPA were relatively low. According to AWMSI and AWMPFDI, the shapes of those construction projects were regular. OI, BDI, and CDI were relatively high, indicating that the industries were expanding very rapidly at the periphery of the city. Most of that development occurred in the form of enclaves, similar to American cities [49] . After the 1990s, the government came to realize the importance of Hangzhou's unique natural scenery and focused on the service functions. The government paid more attention to making Hangzhou a scenic city and protecting its historical and cultural heritage. This is also consistent with the research of the transformation of China's economy over the past 20 years [24, 25] ; that is, the After the 1990s, the government came to realize the importance of Hangzhou's unique natural scenery and focused on the service functions. The government paid more attention to making Hangzhou a scenic city and protecting its historical and cultural heritage. This is also consistent with the research of the transformation of China's economy over the past 20 years [24, 25] ; that is, the industry structure is transferring to service industry oriented. Meanwhile, construction of the city center focused primarily on renewal or infill development for the service industry.
As a result, several industrial enterprises moved to the suburbs. However, similar to the research of the land use change of Beijing in Du et al. (2014) [27] , several industrial enterprises are not allocated in planned industrial region because of high cost for land development. Enterprises built factories beyond the planning scope, leading to more severe expansion around the city center with the AAOA increasing. However, due to the rapid development in suburban areas, interspersed patches were integrated into large ones. The LPI during this period was much higher than that in the first two periods.
Inadequate Methods for Forecasting Population and Land Use Area
Population growth tends to be non-linear when social and economic environments change; the relation between population growth and land use expansion is not proportional. Therefore, population size predicted through linear methods using land size deviates from the actual development [42] . The scale of land use was measured using the per capita land-use standard in Urban and Rural Planning Law of the People's Republic of China (2008) . In the population forecast, a simple linear model is generally adopted and the trend derived from the model can be applied to other cases. However, in reality, cities, especially coastal cities like Hangzhou, do not follow this trend, and the population growth rate fluctuates several times at different levels because such cities have attracted people from central and western China in large numbers. This is similar to the case in western cities in Schneider et al. (2014) [14] . Figure 9 shows also that, since 1995 and during the last two periods, the predicted population tends more and more to fit the observed one ( Figure 10 ). other cases. However, in reality, cities, especially coastal cities like Hangzhou, do not follow this trend, and the population growth rate fluctuates several times at different levels because such cities have attracted people from central and western China in large numbers. This is similar to the case in western cities in Schneider et al. (2014) [14] . Figure 9 shows also that, since 1995 and during the last two periods, the predicted population tends more and more to fit the observed one ( Figure 10 ). Due to the complexity of the real world and the limited amount of information available at any particular time, using population projections alone to predict the spatial extent is unreasonable. As described in previous studies of Beijing and Guangdong cases [11, 15] , improper forecasting methods are also the main cause of urban sprawl and planning out of control. In China, urban planning is, in essence, a means to control the scale of land use and allocate different types of land uses. However, revisions usually were made when the land scale exceeds the number predicted before the deadline of the short-time planning period. As a result, the allocation of land uses had no direct links with population projections that were not under the control of the planning process [43] . AAOA showed a rising trend in these planning periods, indicating that the scale of land-use planning should have become larger. The OI for all planning periods was above 40%. There is still a gap between the UGB (Urban Growth Boundary) we established and the reality of current development trends. For example, the 1983 master plan predicted 139 km 2 of land would be developed by the end of 2000. Due to the complexity of the real world and the limited amount of information available at any particular time, using population projections alone to predict the spatial extent is unreasonable. As described in previous studies of Beijing and Guangdong cases [11, 15] , improper forecasting methods are also the main cause of urban sprawl and planning out of control. In China, urban planning is, in essence, a means to control the scale of land use and allocate different types of land uses. However, revisions usually were made when the land scale exceeds the number predicted before the deadline of the short-time planning period. As a result, the allocation of land uses had no direct links with population projections that were not under the control of the planning process [43] . AAOA showed a rising trend in these planning periods, indicating that the scale of land-use planning should have become larger. The OI for all planning periods was above 40%. There is still a gap between the UGB (Urban Growth Boundary) we established and the reality of current development trends. For example, the 1983 master plan predicted 139 km 2 of land would be developed by the end of 2000. The 1994 plan reduced the projection to 126 km 2 . In reality, developed land had increased to 151 km 2 by 2001. Planning should take into full account existing land use trends and conditions, analyze future trends in social and economic development and the demand for an improved quality of life, and assess the dynamic trends in the techniques and capabilities for new urban development [43] .
Market Mechanisms Contributing to Inconsistency
The primary reason for poor effectiveness in the last two periods was that, under the new market economy system, the diversity of resources for urban development had weakened the government's control for implementing the plans [50, 51] . The varying interests at different levels of government also led to a deviation in the plan-making and implementation process [52] . Generally, there are two levels of plan in China's urban planning system [53] : master plan and detailed plan. Theoretically, detailed planning should be consistent with the boundary established during the master planning process. With multiple stakeholders in the decision network, the government's decisions are being decentralized and weakened [54] . Various involved parties have different rules to guide their actions in implementing the plan. Farmland is the largest source of economy for urban land because of large differences in economic value between farmland and urban land. The fiscal incentives encourage local governments in China to use the "expropriation of agricultural land, and transfer of the city land" to gain financial benefits [27] . In the absence of legal system guarantees, a unified framework for action, and an effective mechanism for coordination, urban planning decisions are becoming divergent and difficult to manage effectively [26, 50, 55] . This phenomenon had detailed described in the planning comparison of different levels in Wei et al. (2009) [15] . The decline of the BDI also supports this argument. As shown in Figure 11 , the boundaries in many local planning areas far exceed those established by the master plan, especially in suburban areas [56] [57] [58] [59] [60] [61] [62] . The main development types are industry and real estate, mixed with established villages [63, 64] .
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The main development types are industry and real estate, mixed with established villages [63, 64] . Figure 11 . Difference between master planning and local planning boundaries.
Lack of Support for Polycentricity Development
In the last two planning periods, government agencies began to implement the polycentric strategy to reconstruct the old city with the purpose of limiting expansion, changing their focus to 
In the last two planning periods, government agencies began to implement the polycentric strategy to reconstruct the old city with the purpose of limiting expansion, changing their focus to service functions, and moving industrial factories from the old city to subordinate outlying districts. As shown in the research of Tian et al. (2017) , it is similar to the change of function zones in Shanghai's suburb [26] . In Hangzhou, this is especially the case in the Xiasha District (Figure 8) . However, the suburban area still became a hot spot of the expansion of the new subcenter. As a result, the OI continued to increase. The MCI was consistently kept below 70%, although the best results were achieved in the last period. The primary reason was that, with the forming of the Xiasha District and its rapid expansion, the BCI and CDI had a tendency to drop, while the TGI did not.
Although urban land promotes expansion in sub-centers, due to lack of supports from social facilities and traffic facilities, the growth rate of population in sub-centers was still lagged urban fringes. In recent years, population density in the urban center of Hangzhou tended to decline, and most regions with high population density were hotspots of urban expansion; population density in suburbs increased with the fastest speed, followed by outer suburbs (Figure 8 ). This trend is not like those in European and American cities, where polycentric development stems from proximity to advanced transportation facilities and communication technology [65] . As a National Economic and Technological Development Zone, the development of the Xiasha subcenter depends primarily on preferential policies, especially in finance and land-use policies. In the early 1990s, Xiasha was designated as a pure industrial site in the planning process, and a large number of industries had moved out from the central city to the Xiasha District. However, the 2004 master plan used the concept of a Comprehensive New Town, which, in addition to the original industrial function, allocated large areas for higher education. However, the infrastructure and public transportation systems were not supplied at the same pace, making the district less attractive to new population. Another similar district is the Binjiang District in the south. It is also a National Economic and Technological Development Zone with preferential policies; however, with attention to service functions at the beginning, it attracted a large population. Meanwhile, the population density in peripheral areas increased significantly (Figure 8 ), demonstrating the trend of population suburbanization.
Based on the master plan data and urban spatial morphology from 1964 to 2013, this study revealed significant discrepancies between land-use plans and the development that actually occurred in Hangzhou. Like most research on urban sprawl, the evolution of the urban spatial form presents the nonlinear sprawl trend [5] . Overall, the effectiveness of planning control during the four planning periods was low, and the main driving forces for the "gap" are related to the transformational period [24] . On the one hand, in addition to improper methods for planning prediction, social and economic background has changed many times, resulting in large differences in prediction for future development. On the other hand, planning for many places deviates from the overall planning under the mechanism of market economy because of insufficient consideration for planning legislation and implementation mechanism. The rate of population growth in sub-centers for certain planning is also lower than the expansion speed of land use.
Conclusions and Policy Implications
Conclusions
This research evaluated the gap between planning and reality using the PCEIs. Combining the analysis of urban expansion and the logic of plan-making, this research also discussed the main factors that contributed to the poor effectiveness of planning implementation. Compared with the traditional methods that solely rely on land use analysis, this new approach incorporated PCEIs, which should helped better understand the causes of poor effectiveness. Instead of simply comparing the urbanized areas inside and outside the planning boundary, the PCEIs reflected the characteristics of physical outcomes. Furthermore, it is beneficial for decision making by analyzing the causes of planning ineffectiveness based on the logic of plan-making. This approach of PCEIs is also applicable in other rapidly developing cities in the world, which also show a huge gap between urban planning and the real urban development.
Our study also has some limitations. First, there exists inaccuracy of land-use classification based on remote sensing images, which will result in bias of the landscape and planning indexes. Second, our study did to assess the impacts of detailed urban planning system and planning permit system. Third, we did not consider the influence of topography in landscape indexes in Hangzhou. Further investigation of natural features should be conducted. Finally, with the rapid development of the remote sensing and satellite sensor technology, high spatial resolution data resources will be more accessible, low-cost, and generated quickly [66] [67] [68] [69] . We will adopt these data resources to study urban sprawl, urban growth and other related issues for improving the accuracy and reliability of the results in our further researches. If interviews or social investigations can be conducted with the residents or business entities outside the non-planning area, this study will help to provide a better understanding of the failure of urban planning from a top-down perspective.
Policy Implications
The case study of Hangzhou has several policy implications for planning making. Firstly, under the uncertainties of rapid urbanization, planning requires flexibility to some extent. Using nonlinear models, such as system dynamics model, Scenario planning, comparing different scenarios for dealing with the uncertainty of the future, should be a better choice. In particular, spontaneous events, such as administrative annexation and establishment of new development zones, demand local government to amend its urban planning with flexible space for adapting to the new change. Secondly, it is necessary to reform the existing policy of financial regulation in order to encourage the behaviors of obeying master planning of local governments. Sprawl can be limited by establishing rigorous restrictions and heavy financial penalty policies of development activities outside the urban planning boundary. Thirdly, governments should adopt different planning control methods and incentive policy according to different regional features [70, 71] .
This study also has several policy implications for sustainable urban land management. Firstly, it is necessary to set the red line of ecological protection including prime farmlands, reservoirs, forest parks, wildlife habitats and geological disaster areas in urban planning. Secondly, smart growth should be encouraged by governments, and the urban land development should seek an intentional, comprehensive way. Thirdly, the land finance result in the rapid conversion of agricultural land into urban construction land in densely populated cites. Therefore, it is necessary to change the single-minded pursuit of GDP growth, and local governments should have not power in converting farmland for urban development. Fourthly, the land use policies should encourage redeveloping underutilized sites in densely populated cites. Meanwhile, the government should generalize the mixed land uses which mean houses, offices, schools, parks, shops and other types of land use patters near one another.
